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1 BACKGRODMD 



In February, 1984, the Phytotoxicology Section was requested by 
the Halton-Peel District Office of the MOE to provide input into the 
development of soil guidelines for the decoiranissioning of certain oil 
refinery lands. Proposed land uses made it desirable to have separate 
criteria for residential and industrial redevelopment. Monenco 
Consultants, on behalf of one of the oil companies, undertook a 
large-scale literature survey in an attempt to relate contaminant 
concentrations in soil to toxic effects on vegetation, animals and 
man. As a result of this effort, Monenco recommended site-specific 
soil clean-up criteria for a number of contaminants (Monenco Ontario 
Ltd. , 1984a & 1984b) . 

The Phytotoxicology Section critically reviewed Monenco' s 
proposals. In some cases, the clean-up levels suggested by Monenco 
were supported by information available to the Phytotoxicology 
Section, and were deemed acceptable to the MOE. In a number of cases, 
however, the recommended clean-up criteria were considered 
unacceptable. Most of the disagreements were resolved at a series of 
meetings involving the oil companies, Monenco and the MOE {Halton-Peel 
Office and Phytotoxicology Section staff) . However, in a limited 
number of cases, the clean-up levels recommended by the 
Phytotoxicology Section were regarded as somewhat conservative by 
Monenco Consultants. Also, Monenco Consultants did not provide input 
to all of the recommended guidelines. 

Subsequent to the above-described exercise, the Phytotoxicology 
Section was asked to recommend clean-up guidelines for additional 
contaminants. Provisional guidelines for these additional elements 
were developed, based on literature reviews. The guidelines and 



provisional guidelines were reviewed and approved by the Health 
Studies Service, Special Studies and Services Branch of the Ministry 
of Labour and by the OMAF/MOE/MOH Sludge and Waste Utilization 
Committee. More recently, the Phytotoxicology Section was requested 
by the MOE Waste Management Branch to develop clean-up levels for 
agricultural land use. This request was brought to the attention of 
the Sludge and Waste Utilization Committee. It was the opinion of 
this Committee that the residential/parkland clean-up levels 
previously developed were, with minor modifications/qualifications, 
also suitable for application to agricultural situations. 

These clean-up guidelines and provisional guidelines have been 
incorporated into the Waste Management Branch policy document, 
"Guidelines for the Decommissioning and Clean-up of Sites in Ontario", 
(MOE, 1989b) . 

2 ItATIONALE FOR DEVBLOPUENT 

The recommended soil clean-up guidelines for industrial site 
decommissioning are shown in Table 1. The rationales for their 
development include considerations of phytotoxicity, animal health, 
and human health. In general, the most conservative of these 
considerations was used to established a residential clean-up level. 
Redevelopment as parkland also was felt to warrant this conservative 
approach, because parkland often is used by children at play, and 
occasionally is used for allotment gardening. 

Different industrial/commercial clean-up levels (normally set at 
twice the residential levels) were recommended where the residential 
and industrial criteria were both set on the same basis (i.e. 
phytotoxicity or human health) , but where phytotoxic or health 
concerns were judged to be considerably less significant in the 
industrial/commercial environment. 



For two elements {molybdenum and selenium) , residential clean-up 
levels were established to prevent toxicity to grazing animals, 
whereas a higher industrial level was established to prevent toxicity 
to vegetation. Where assurances can be had that land will not be used 
for production of animal feed (most residential situations) , the 
animal health-based guidelines need not be applied. 

Provisional clean-up guidelines recommended for four contaminants 
are shown in Table 2. Because knowledge of potential adverse effects 
of these elements in soil is generally more limited than for the Table 
1 guidelines, the provisional clean-up levels were purposefully 
established in an even more conservative vein. The terms "guideline" 
and "provisional guideline" are defined in Appendix 1. A discussion 
of possible interactive effects {antagonistic, additive or 
synergistic) of soil contaminants is presented in Appendix 2. These 
clean-up guidelines and provisional guidelines are considered to be 
suitable for direct application in the majority of industrial site 
clean-up scenarios that may be encountered in Ontario. However, since 
the mobility and availability of metals in soils may be highly 
dependent on form of the metal, soil texture, pH and organic matter 
content, site-specific considerations of these parameters may reveal 
the suitability of different criteria. For example, where metals are 
known to be present in specific forms of very limited availability, 
higher clean-up levels may be considered. Furthermore, in researching 
the clean-up criteria, Monenco Consultants utilized data from studies 
on medium to fine textured soils (i.e. sandy soils excluded), in which 
mobility (availability) of metals would be lower than in 
coarse-textured sand (hence, metals are less likely to accumulate in 
sand than in clay) . Therefore, it is recommended that the clean-up 
levels for the metals and metalloids be reduced in the case of 
coarse-textured (greater than 70% sand) mineral soils (less than 17% 
organic matter) . This recommendation is reflected in the clean-up 
levels shown in Tables 1 and 2. 



The rationales for the individual parameters are summarized below 
in point form. Concentrations are given as ppm { g/g> , dry weight, 
unless otherwise indicated) . 

These rationales and the guideline values which were developed 
from them will be revised as the results of new research become 
available . 



2.1 Soil pH 



range as generally amenable to good plant growth is pH 6-8 
(i.e. slightly acidic to slightly alkaline) 

at pH < 6, availability of metals may increase such that 
phytotoxicity could occur even if total metal concentrations 
were below clean-up levels 

at pH > 8, solubility (availability) of toxic Cr VI 
increases markedly, and oxidation of Cr III to Cr VI may 
occur (Bartlett & Kimble, 1976) 

also at pH > 8, Mo and Se may be readily mobilized and taken 
up by fodder at levels toxic to grazing animals (Lindsay, 
1972) 



Reconmendation: soil pB should lie within the range of 6 to 8 for 

both residential and industrial re-development . 



* Note - Naturally acid soils of pH as low as 4 are common in 
northern boreal environments. Such acidic sites can 
be decommissioned without recfuirement for liming 
provided the allowable metal levels are appropriately 
reduced. 



2 . 2 Arsenic (As ) 



arsenic is essential to mammals and algae (Bowen, 1979) but 
essentiality to higher plants has not been confirmed 
(Kabata-Pendias and Pendias, 1984) 

the toxicity of arsenic to plants and animals is well 
documented, although it is not classified as a cumulative 
poison in man (NAS, 1977) 



the Phytotoxicology Section "upper limit of normal" arsenic 
guideline for urban Ontario surface soils is 20 ppm (MOE, 
1989a) 

it is generally agreed that the main problem caused by 
excessive arsenic in soils is phytotoxicity rather than 
accumulation by crops of arsenic levels toxic to animals and 
man, because significant phytotoxic effects occur at lower 
arsenic levels in plants than do health effects {Jacobs et 
al., 1970; Peterson et al., 1981) 

arsenic levels in plant tissue reported as phytotoxic are: 5 
- 20 ppm (Kabata-Pendias and Pendias, 1984); 20 ppm (Davis 
et al., 1978); 0.5 - 230 ppm (reported in NRCC, 1978); 3 - 
10 ppm (Chaney, 1982) 

the limit set for arsenic in food crops in the U.S. is 2.6 
ppm, fresh weight (U.S. Public Health Service, reported in 
Peterson et al . 1981), equivalent to approx. 13 to 52 ppm on 
a dry weight basis 

Kirkpatrick (1981) has stated that arsenic levels in fruits 
and vegetables above 1 ppm, fresh weight (equivalent to 5-20 
ppm, dry weight, depending on moisture content) may pose a 
potential danger to health from long-term consumption 

the Phytotoxicology Section (unpublished results) has found 
average arsenic levels in fresh vegetables of 0.17 ppm 
(equivalent to 0.85 - 3.4 ppm, dry wt . ) at average soil 
arsenic levels of 61 ppm 

NAS (1980) has established 50 ppm (dry wt . ) arsenic as the 
maximum dietary concentration chronically tolerated by 

livestock 

phytotoxicity of arsenic in soil is dependent upon soil 

texture (as with most metals) and upon form of arsenic, with 

highly water-soluble forms of arsenic being more toxic than 
less soluble forms (Peterson et al . , 1981) 

toxicity of soil arsenic decreases in the order; arsenite > 
arsenate > organic arsenicals {MSMA,CA) (Peterson et al., 
1981) 

however, regardless of the form in which the arsenical is 
applied, it is apparently eventually oxidized and 
metabolized to arsenate (Woolson, 1973) 

Walsh and Keeney (1975) have established that a critical 
range of total arsenic in soils at which reduced crop yields 
may occur is 25 - 85 ppm 



a review of the literature given in NRCC (1978) generally 
supports a minimum total soil arsenic phytotoxic level of 25 
ppm, with effects at low levels being restricted to 
sensitive plants such as legumes and rice 

a maximum allowable phytotoxicity-based limit of arsenic in 
paddy soils of 15 ppm has been proposed in Japan (cited in 
Kabata-Pendias and Pendias, 1984) (availability of arsenic 
is increased in wet (reduced) soils (Peterson et al., 1981)) 

Ontario Ministry of the Environment investigations 
(unpublished) on former mine tailings areas have found no 
adverse effects on plants of 200 ppm or more of arsenic (as 
arsenic trioxide) in soil 

- Anderson et al . (1983) recommended a maximum soil arsenic 
level of 300 ppm at closure of hazardous waste land 
treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 
clean-up guidelines for arsenic of from 30 to 50 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable arsenic level in sludged 
agricultural soils of 14 ppm, 

Recommandation : soil arsenic concentrations should be <25 ppm for 

residential redevelopment and <50 ppm for 
industrial redevelopment . 

* Unless stated otherwise, residential clean-up guidelines 
also apply to agricultural and parkland situations; while 
industrial guidelines also apply to commercial situations. 



2.3 Cadmium (Cd) 



Cd is toxic to plants and animals and accumulates in 
mammalian kidney (Bowen, 1979) 

the Phytotoxicology Section "upper limit of normal" cadmium 
guideline for urban Ontario surface soils is 4 ppm (MOE, 
1989a) 

levels of Cd in plant tissue considered to be phytotoxic 
are; 5-700 ppm (Chaney, 1982); 5-30 ppm (Kabata-Pendias and 
Pendias, 1984); 8-15 ppm (Davis et al . , 1978) 



NAS (1980) has established a maximum dietary Cd 
concentration chronically tolerated by livestock of 0.5 ppm 
(based upon Cd residues in animal products used as human 
food) 

Monenco (1984a) recommended a health-based industrial soil 
clean-up level for Cd of 8 ppm, based on a regression which 
predicted a plant tissue Cd level of 0.5 ppm at 8 ppm soil 
Cd 

Monenco (1984a) recommended a residential soil Cd clean-up 
guideline of 3.2 ppm, based on a study (Page et al . , 1972) 
which showed that lettuce accumulated 2.5 times more Cd than 
did barley (8/2.5 = 3,2) 

Kirkpatrick (1981) has stated that Cd levels above 0.1 ppm, 
fresh weight (equivalent to 0.5 - 2 ppm, dry weight) in 
fruits and vegetables may pose a potential danger to health 

from long-term consumption 

^ Phytotoxicology Section data (unpublished) have revealed 
that Cd levels in fresh vegetables can occasionally exceed 
0.1 ppm if grown in soil containing 2.5 - 4 ppm Cd (some 
aerial and soil particle contamination is suspected) 

s- a soil clean-up guideline of 5 ppm Cd has been recommended 
for home gardens in Great Britain (Smith, 1981) 

Anderson et al. (1983) recommend a maximum soil Cd level of 
3 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al., 1985) has adopted soil 
clean-up guidelines for Cd of from 5 to 20 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Cd level in sludged 
agricultural soils of 1.6 ppm 

Raconxnandation: soil Cd concentrations should be < 4 ppm for 

residential redevelopment and < 8 ppm for 
industrial redevelopment . 



2 . 4 Chromium (Crj i 

Cr is essential to mammals (Bowen, 1979), and low 

concentrations appear to be beneficial (though not 

necessarily essential) to plants (NAS, 1974) 



hexavalent chromium (Cr VI) is particularly toxic to plants 
and animals (Bowen, 1979) 

the Phytotoxicology Section "upper limit of normal" Cr 
guideline for urban Ontario surface soils is 50 ppm (MOE, 
1989a) 

the predominant form of Cr in soils is trivalent {Cr III) 
{Kabata- Pendias and Pendias, 1984) 

plant tissue levels of trivalent Cr considered phytotoxic 
are: 10 ppm (Davis et al., 1978); 20 ppm (Chaney, 1982) 

a Cr III level of 3000 ppm has been established as the 
maximum dietary concentration chronically tolerated by 
chickens (NAS, 1980), whereas Davis et al. (1978) report a 
critical total diet Cr level for livestock of 50 ppm 

the bulk of Cr absorbed by plants concentrates in roots and 
is poorly translocated to the tops (NRCC, 1976) , although 
translocation of Cr VI appears to be greater than Cr III 
(Lahouti and Peterson, 1979) 

plants generally will die from phytotoxic effects before 
they can accumulate amounts of Cr that would be toxic to 
consumer organisms (NRCC, 1984) 

Monenco (1984a) recommended a soil clean-up guideline for 
trivalent chromium of 1000 ppm, based upon a literature 
review which revealed maximum Cr levels of 2.2 ppm and 513 
ppm in plants and soil, respectively, and upon the 
similarity between availability of Cr and Pb in soils 

Monenco (1984b) on the basis of a literature review, 
concluded that Cr VI can exist in soils and is highly toxic 
to plants 

the solubility (availability) of Cr VI increases in both 
acidic and alkaline conditions, but is minimal at pH 5.5 - 8 
(Kabata- Pendias and Pendias, 1984) 

soluble Cr VI is normally reduced to insoluble Cr III in 
soils except in the presence of high oxidized Mn levels 
(NRCC, 1984; Kabata-Pendias and Pendias, 1984) 

a level of 10 ppm Cr VI in soils has been shown to be 
phytotoxic to soybeans (Turner and Rust, 1971) 

a soil clean-up level for total Cr of 1000 ppm has been 
proposed in Great Britain (Smith, 1981) 



Anderson et al. (1983) recommend a maximum soil Cr level of 
1000 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al., 1985) has adopted soil 
clean-up guidelines for Cr of 250 to 800 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Cr level in sludged 
agricultural soils of 120 ppm. 

Reconraendation: total soil Cr concantratlons should be < 1000 

ppm, and hexavalent chromium (Cr VI) 
concantrations should be < 10 ppm, for both 
residential and industrial redevelopment. 



2.5 Cobalt (Co) 



Co is essential for animals, man and at least some plants 
(Bowen, 1979) 

Co is relatively non-toxic to animals and man, and there are 
no reports of Co toxicity attributable to consumption of 
natural feedstuffs (Peterson and Girling, 1981) 

although plant species vary widely in Co content, 
phytotoxicity due to Co is rarely observed in nature 

(Kabata-Pendias and Pendias, 1984); however, an addition of 
only 25 ppm Co to soil was reportedly toxic to rice plants 

(Kabata-Pendias and Pendias, 1984) 

6 ppm Co in tissue reduced growth of barley (Davis et al . , 
1978) 

Co deficiency in plants, leading to health effects in 
grazing animals, is generally of greater concern than an 
excess of Co (Peterson and Girling, 1981 

the Phytotoxicology Section "upper limit of normal" Co 
guideline for both urban and rural Ontario surface soils is 
25 ppm (MOE, 1989a) 

Bowen (1979) gives a mean Co level in world soils of 8 ppm, 
and a range of 0.05-65 ppm 

Anderson et al. (1983) recommend a maximum soil Co level of 
200 ppm on closure of hazardous waste land treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 

9 



clean-up guidelines for Co of from 50 to 300 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Co level in sludged 
agricultural soils of 20 ppm 



Recomnandatlon: soil Co concentrations should be < 50 ppm for 

residential redevelopment and < 100 ppm for 
industrial redevalopcnent . 



2 . 6 Copper (Cu> 



Cu is an essential element for all organisms (Bowen, 197 9) 

the Phytotoxicology Section "upper limit of normal" copper 
guideline for urban Ontario surface soils in 100 ppm (MOE, 
1989a) 

Monenco {1984a) recommended a clean-up level of 330 ppm Cu, 
based on a regression analysis of Cu levels in plants vs. in 
soil (330 ppm in soil resulted in the conservative 
phytotoxic Cu level in vegetation of 25 ppm (Chaney, 1982)) 

Davis et al , (1978) have reported a slightly smaller 
critical Cu level (10% growth reduction) of 20 ppm in barley 

Health and Welfare Canada has established a "maximum residue 
limit" for fresh fruits and vegetables of 50 ppm Cu 
(equivalent to 250 - 1000 ppm, dry weight) 

maximum tolerable dietary Cu concentrations for livestock 
range from 10 ppm (sheep) to 800 ppm (NAS, 1980) 

300 ppm Cu in soil has been reported to be toxic to citrus 
(Murphy S, Walsh, 1982) 

Anderson et al. (1983) recommend a maximum soil Cu level of 
250 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 
clean-up guidelines for Cu of from 100 to 500 ppm 

faculty of the University of Guelph Veterinary Science 
Department have recommended that sheep pasture soils not 
contain more than 200 ppm Cu (personal communication via the 
Sludge and Waste Utilization Committee) 
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the Ontario government (OMAF, MOE, MOH, 1986) has 

established a maximum allowable Cu level in sludged 
agricultural soils of 100 ppm. 

Reconsnandatlon: soil Cu concentrations should be < 200 ppm £or 

residential redevelopment (where there is a 
potential for animal grazing) and < 300 ppm for 
industrial redevelopment. 



2.7 Lead (Pb) 



Pb is toxic to plants and animals and accumulates in 
mammalian bone (Bowen, 1979) 

the Phytotoxicology Section "upper limit of normal" lead 
guideline for urban Ontario surface soils is 500 ppm (MOE, 
1989a) 

Monenco (1984a) recommended an industrial soil clean-up 
guideline for Pb of 1000 ppm, based on a U.S. maximum lead 
loading for agricultural soils of 1000 ppm 

Monenco (1984a) recommended a residential soil Pb clean-up 
guideline of 400 ppm, on the basis of a study (John, 1972) 
showing that lettuce accumulated 2.5 times more lead than 
did oat shoots (1000/2.5 =• 400) 

400 ppm is also the recommended maximum application of Pb to 
soils used for growing fruits and vegetables in the U.S. 
(U.S. EPA, FDA and Dept , of Agric, 1981) 

Kirkpatrick (1981) has expressed the opinion that Pb 
concentrations higher than 0.5 ppm, fresh weight (equivalent 
to 2.5 - 10 ppm, dry weight) in fruits and vegetables may 
pose a potential danger to health from long-term consumption 

the Phytotoxicology Section has found that 0.5 ppm Pb (fresh 
wt.) in washed vegetables is commonly encountered at soil 
lead levels of 400 - 500 ppm (some aerial and soil particle 
contamination is suspected) , although there are large 
variations among plant species and plant parts. 

500 ppm soil lead was reportedly toxic to tree seedlings 
(Jaworski, 1979) 

in general, when plants are grown under natural conditions 
with adequate fertilization and organic matter, soil Pb 
concentrations of at least 1000 ppm are required before 

11 



growth effects are observed (Zimdahl, 1976) 

- 35 ppm lead in barley tissue may reduce plant growth {Davis 
et al., 1978) 

- 3 ppm lead in feed is the maximum chronically tolerated by 
livestock Davis et al . , 1978) 

regression analysis (Monenco, 1984a) showed that 3 ppm lead 
in vegetation is predicted at 520 ppm lead in soil 

the Toronto Department of Public Health (1983) has stated 
that Pb levels of 1000 ppm or more in soil may pose a risk 
to the health of young children playing in the soil 

a soil clean-up guideline of 550 ppm Pb has been recommended 
for home gardens in Great Britain (Smithy 1981) 

- Anderson et al. (1983) recommend a maximum soil Pb level of 
1000 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al., 1985) has adopted soil 
clean-up guidelines for Pb of from 150 to 600 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Pb level in sludged 
agricultural soils of 60 ppm 

Racomnendation: soil Pb concentrations shoiild b« < 500 ppm for 

resident isl redevelo|anent and < 1000 ppm for 
industrial redeveloptoent . 

Note - The above clean-up guidelines for lead have been 
endorsed by the Royal Society of Canada Comnission on 
Lead in the Environment (Royal Society, 1986) 



2.8 Mercury (Hg) 



Hg is very toxic to plants and animals and accumulates in 
mammalian kidney (Bowen, 1979) 

the Phytotoxicology Section "upper limit of normal" Hg 
guideline for urban Ontario surface soils is 0.5 ppm (MOE, 
1989a) 

levels of Hg in plant tissue considered to be phytotoxic 
are: 3-6 ppm (Davis et al . , 1978); 1-3 ppm (Kabata-Pendias 
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and Pendias, 1984) 

- Monenco (1984a) initially recommended a clean-up guideline 

(residential and industrial) of 2 ppm Hg, based on a 
literature review which revealed a maximum plant Hg level of 
0.5 ppm at a soil Hg level of 2 ppm 

Davis et al. (1978) report a critical mercury level in 
livestock feed of 1 ppm, whereas the NAS (1980) as set a 
maximum tolerable concentration of mercury for domestic 
animal feed of 2 ppm 

- Kirkpatrick (1981) has stated that Hg levels above 0.05 ppm, 
fresh weight (equivalent to 0.25 - 1 ppm, dry weight) in 
fruits and vegetables may pose a potential danger to health 

from long-term consumption 

Phytotoxicology Section investigations (unpublished results) 
have revealed that Hg concentrations in garden vegetables do 
not exceed 0.05 ppm (fresh wt.) at soil Hg levels up to 2 
ppm, unless an aerial Hg source is present 

the Phytotoxicology Section expressed the concern that 
children with pica might be affected at soil mercury levels 
below 2 ppm 

based on worst case assessment (assuming 100% methyl 
mercury) of potential danger to children from ingesting 
mercury-contaminated soil, Monenco Consultants recommended a 
residential Hg clean-up criterion of 1 ppm (Monenco, 1984b) 

Bashor and Turri (1986) calculated an allowable 
concentration of mercury in soil of 12 ppm, assuming 1% 
(0.12 ppm) organic mercury 

a soil clean-up guideline of 1.5 ppm Hg has been recommended 
for home gardens in Great Britain (Smith, 1981) 

Anderson et al. (1983) recommend a maximum soil Hg level of 
9 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 
clean-up guidelines for Hg of 2 to 10 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Hg level in sludged 
agricultural soils of 0.5 ppm 

Reconaoandation: •oil Hg concantrations ihould b« < 1 ppm for 

rasldential r«d«v«lopn»nt and < 2 ppm fox 
Industrial radavalopiiant . 
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2 . 9 Molybdenxm (Mo) 



Mo is a essential element for all organisms (Bowen, 1979) 

the Phytotoxicology Section "upper limit of normal" 
molybdenum guideline for urban Ontario surface soils is 3 
ppm {MOE, 198 9a) 

Monenco (1984b) recommended a soil clean-up level for Mo of 
40 ppm, based on potential phytotoxicity 

135 ppm Mo in plant tissue was reported to be toxic to 
barley (Davis et al., 1978) 

there is generally a poor relationship between total Mo 
content in soils and in vegetation {Monenco, 1984b) 

molybdenum-induced copper deficiency (molybdenosis) may 
occur in animals consuming vegetation with elevated (10 - 20 
ppm) Mo concentrations (Telle and Arthur, 1983; Chappell and 
Petersen, 1977) 

soils containing 5 ppm Mo or more may support herbage 
containing elevated Mo levels, resulting in molybdenosis 
(Thornton, 1981) 

the maximum dietary Mo concentration chronically tolerated 
by domestic livestock ranges from 5 to 100 ppm (NAS, 1980) 

Anderson et al. (1983) recommend a maximum soil Mo level of 
5 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 
clean-up guidelines for Mo of from 40 to 200 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Mo level in sludged 
agricultural soils of 4 ppm 



Reconmandation: soil Mo concantrations should be < 5 ppm for 

resld«nt±al redevelopment (where there is a 
possibility that vegetation may be consumed by 
livestock) , and < 40 ppm for industrial 
redevelopment . 
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2.10 Nickel (Nil 



Ni is essential to some plants and all vertebrates (Bowen, 
1979) 

the Phytotoxicology Section "upper limit of normal" Ni 
guideline for urban Ontario surface soils is 60 ppm (MOE, 
1989a) 

Monenco (1984a) recommended a soil clean-up level for Ni of 
200 ppm, which was twice the U.S. suggested maximum Ni 
loading of 100 ppm for a fine-textured soil 

50 ppm Ni is the maximum dietary concentration chronically 
tolerated by livestock (Davis et al . , 1978; NAS, 1980} 

Davis et al. (1978) cite toxic levels of Ni in plant tissue 
ranging from 11 to 147 ppm 

266 ppm Ni in soil (88 ppm in oat plants) resulted in 
moderate chlorosis and stunting in oats (Anderson et al., 
1973) 

Monenco (1984a) reported a maximum plant tissue Ni level of 
3.2 ppm at a soil Ni level of 60 ppm; assuming a linear 
relationship, a plant tissue level of 11 ppm Ni (minimum 
phytotoxic level) could result from a soil concentration of 
206 ppm Ni 

Anderson et al. (1983) recommend a maximum soil Ni level of 
100 ppm at closure of hazardous waste land treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 
clean-up guidelines for Ni of from 100 to 500 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Ni level in sludged 
agricultural soils of 32 ppm 



RecomnendAtion: soil NI concentrations should be < 200 ppm for 

both residential and industrial redevelopinant . 
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2.11 Selenium (3«) 



Se is essential to some plants and all vertebrates (Bowen, 
1979} 

the Phytotoxicology Section "upper limit of normal" Se 
guideline for urban Ontario surface soils is 2 ppm {MOE, 
1989a) 

no instances of Se phytotoxicity have been reported in the 
field (Kabata-Pendias and Pendias, 1984) 

Davis at al. (1978) report that 30 ppm Se in plant tissue 
was toxic to barley, while Chaney (1982) reports a 
phytotoxic tissue Se level of 100 ppm 

Marier and Jaworski (1983) state that Se injury to crop 
plants can occur at tissue concentrations of > 300 ppm 

rye grass growth was reduced at a Se application rate of 10 
kg/ha (equivalent to approximately 5 ppm in surface soil) 
(Anderson et al . , 1983) 

selenium is toxic to livestock, and the difference between 
essential and toxic levels in animals feed is quite small 
(Kabata-Pendias and Pendias, 1984) 

Davis et al . (1978) cite 5 ppm Se as the critical total diet 
level for livestock, whereas NAS (1980) has established 2 
ppm Se as the maximum dietary level chronically tolerated by 
swine and chickens 

although total soil Se has been reported to give a better 
measure of plant response than do its soluble fractions 
(Kabata-Pendias and Pendias, 1984), most studies covering a 
wide range of soil types illustrate the lack of a 
correlation between total soil and plant Se content 
(Peterson et al . , 1981) 

soils containing more than 0.5 ppm of total selenium can 
produce herbage containing 4-5 ppm Se or more, and are 
therefore, regarded as potentially dangerous to livestock 
(Underwood, 1971) 

Anderson et al. (1983) recommend a maximum soil Se level of 
5 ppm at closure of hazardous waste land treatment sites 

the Ontario government (OMAF, MOE, MOH, 198 6) has 
established a maximum allowable Se level in sludged 
agricultural soils of 1.6 ppm 
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RecomiMndation; soil Sa concentrations should b« < 2 ppm for 

residential redevelopment (where there Is a 
possibility that vegetation may be consumed by 
livestock) , and < 10 ppm for industrial 
redevelopment 



2.12 Silver fAo> 



Ag is very toxic to plants but is much less toxic to mammals 
(Bowen, 1979) 

the Phytotoxicology Section has not developed an "upper 
limit of normal" guideline for Ag in Ontario soils 

mean levels of Ag in soil are reported as 0.05 ppm (Bowen, 
1979) and 1 ppm (Brooks, 1972), with ranges of 0.01 - 5 ppm 
(Peterson and Girling, 1981) and 0.01 - 8 ppm (Bowen, 1979) 

although soluble silver compounds are highly toxic, Ag 
apparently is essentially immobile (unavailable) in soils at 
pH > 4 (Kabata- Pendias and Pendias, 1984) 

however, there is a relationship between Ag in many plant 
species and in soil (Kabata-Pendias and Pendias, 1984) 

Monenco (198 4b) recorranended a soil clean-up guideline of 100 
ppm Ag based on potential phytotoxicity 

plant tissue Ag levels of 5 ppm in bush beans (cited in 
Kabata- Pendias and Pendias, 1984) and 4 ppm in barley 
(Davis et al., 1978) resulted in reduced yields 

based on a logarithmic regression calculated from 
information provided by Monenco (1984b), 4 ppm Ag in plant 
tissue is predicted at 50 ppm Ag in soil (Agl studies 
excluded because Agl has extremely low water solubility) 

28 pm Ag (added to soil as Agl [in organic solvent]) reduced 
emergence of lodgepole pine (cited in Monenco, 1984b) 

Anderson et al . (1983) suggest a maximum soil Ag level of 90 
ppm at closure of hazardous waste land treatment sites 



Rocomnendation: soil Ag concentrations should be < 25 ppm for 

residential redevelopment and < 50 ppm for 
industrial redevelopment. 
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2.13 Zinc (Zn) 

- Zn is an essential element for all organisms (Bowen, 1979) 

the Phytotoxicology Section "upper limit of normal" zinc 
guideline for urban Ontario surface soils is 500 ppra (MOE, 
1989a) 

Monenco (1984a) recommended a soil clean-up guideline for Zn 
of 1000 ppm, based on a literature review which revealed a 
plant 2n level of 130 ppm at a soil 2n level of 1000 ppm 

^ Davis et al. (1978) cite phytotoxic tissue Zn levels of from 

200 to 400 ppm 

Collins (1981) cites studies reporting that 60 and 81 ppm Zn 
in wheat and corn tissue, respectively, were phytotoxic 

based on a regression analysis of Zn levels in plants vs. in 
soil (Monenco, 1984a), the predicted soil Zn concentration 
corresponding to a plant Zn level of 60 ppm is 410 ppm 

the tolerance of domestic livestock to Zn in animal feed 
ranges from 300-1000 ppm {NAS, 1980) 

- Anderson et al. (1983) recommend a maximum soil Zn level of 
500 ppm at closure of hazardous waste land treatment sites 

- the Dutch government (Moen et al., 1985) has adopted soil 
clean-up guidelines for Zn of from 500 to 3000 ppm 

the Ontario government (OMAF, MOE, MOH, 1986) has 
established a maximum allowable Zn level in sludged 
agricultural soils of 220 ppm 

Recommendation: soil Zn concentrations should be < 800 ppm for 

both residential and Industrial redevelopoaant 



2.14 Nitrogen fN) 



N is an essential element for all organisms (Bowen, 1979) 

the Phytotoxicology Section has not developed an "upper 
limit of normal" guideline for N in Ontario soils 
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average N content of world soils is 0.2%, with a "normal" 
range of 0.02-0.5% (Bowen, 1979) 

excessive soil N may be a concern where large amounts of 
nitrogen have been added to soil, such as in petroleum 
sludge land-farming areas 

N is an essential macronutrient for plant growth, but high 
soil levels may represent over-fertilization which can lead 
to excessive vegetative growth and adversely affect fruit 
and grain C[uality (Brady, 1974) 

N in soils is mainly tied up in unavailable organic forms 
(Brady, 1974) , but rapid mineralization of N (which could 
occur if certain conditions are met) would result in 
liberation of ammonia and nitrate nitrogen, possibly leading 
to groundwater contamination and accumulation of toxic 
nitrate levels in plants (Par)cer and Sommers, 1983) 

if the carbon-nitrogen ratio in soil is greater than 12:1, 
it is unlikely that mineralization would be excessively 
rapid (Bates, 1986) . 



Rocomnendation : if total soil N levels exceed 0.5% (residential 

redevelopment) or 0.6% (industrial 
redevelopment) , an evaluation of the 
mineralization potential of the soils should be 
undertaken (Monenco, 1984a) . 



2.15 Oil and Grease 



Monenco Consultants (1984a) recommended a soil clean-up 
level for oil and grease of 2%, based on potential 
phytotoxicity 

most studies (reviewed Ly Emerson (1983), and Monenco (1984a 
& b) ) indicate that the critical level for plant growth is 
approximately 1% oil and grease in soil 

however, as Monenco (1984a & b) point out, these controlled 
studies employed fresh crude oil or refined products, 
whereas the most phytotoxic compounds (the lighter ends) are 
lost through volatilization and/or biodegradation in the 
field (cf. Emerson, 1983) 

therefore, where oil is Icnown to have been "weathered" on 
site for a reasonable period of time, a clean-up level 
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greater than 1% oil and grease could be allowed while still 
precluding phytotoxicity 

Reconniendation: oil And graastt concentrations in soil should not 

•xc«ed 1% for fresh oil and 2% for weathered oil 
(minioKun 2 yr. exposure on site), for both 
Industrial and residential redevelopment. 

Note - While these oil and grease clean-up levels will 
prevent significant toxic effects on plants, the 
possibility exists that certain hydrocarbon components 
may be present at levels potentially harmful to human 
health. This danger should be addressed, with input 
from health authorities, on a case by case basis. 
Analyses for individual toxic organic compounds or 
groups of compounds may be justified. Also, excessive 
odour may, in some cases, result in a requirement for 
soil clean-up at oil and grease levels lower than 1% . 



2.16 Electrical Conductivity (EC) 



Monenco Consultants (1984a & 1984b) recommended a soil 
clean-up guideline for EC of 4 mS/cm, based on potential 
phytotoxicity 

growth of very sensitive plant species (clover, beans, 
onions, carrots, some fruit trees) may be inhibited at soil 
conductivities {saturation extract) as low as 2 mS/cm 
(Bernstein, 1975) 

growth of most plant species is inhibited at soil 
conductivities above 4 mS/cm (Bernstein, 1975) 

EC is reduced with time due to leaching by precipitation 



RaconKoendation: electrical conductivity (nS/cm) of soil 

saturation extract should be < 2 for residential 
redevelopment and < 4 for industrial 
redevelopment . 
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2.17 Sodium Adaorption Ratio (3AR) 



SAR = NaV[{Ca*^ + Mg*')/2]^'' , where concentrations are in 
soil solution in meq/1. 

Monenco Consultants (1984a) recommended a soil clean-up 
criterion for SAR of 15, based upon adverse effects on 
permeability and structural stability of soil 

at SAR values >5, water penetration can be reduced and soil 
structure may deteriorate (Fuller and Warrick, 1985} . 

a guideline established by the University of Guelph states 
that wastes with an SAR >5 should not be added to the soil 
(Bates, 1986} 

SAR values > 12 are indicative of sodic soils, and growth of 
non-tolerant plant species may be restricted (Richards, 
1954; Brown et al . , 1985}. 

nutritional effects due to inability of non-tolerant plants 
to absorb adequate amounts of Ca and Mg may occur at SAR' s > 
10, although most crops are affected nutritionally at SAR' s 
of about 25 (Bernstein, 1975} 



Racoinnendatlon: SAR of soil solution should be < 5 for 

residential redevelopment and < 12 for industrial 
redevelopment . 
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3 RATIONALES FOR PROVISIOtTAL GUIDELINES 



3.1 Antimony lSb\ 



- Sb is not essential for animals or plants (Kabata-Pendias 
and Pendias, 1984) 

- although soluble forms of Sb are readily taken up by plants, 
there are no reports of Sb phytotoxicity in the field 
(Kabata-Pendias and Pendias, 1984) 

- the Phytotoxicology Section "upper limit of normal" Sb level 
in urban Ontario surface soils in 8 ppm (MOE, 1989a) 

- Bowen (1979) gives a mean Sb concentration for world soils 
of 1 ppm and a range of 0.2 - 10 ppm 

- Anderson et al. (1983) suggest a maximum soil Sb level of 
225 ppm on closure of hazardous waste land treatment sites 

Reconmendatlon: soil Sb concentrations should ba < 25 ppm for 

residential redevelopment and < 50 ppm for 
industrial redevelopment. 



3.2 Barium (Ba) 



Ba may be essential to mammals (Bowen, 1979), but apparently 
is not essential to plants (Kabata-Pendias and Pendias, 
1984) 

some forms of Ba may be toxic to man (personal 
communication, J. Stopps, Min. of Labour) 

Ba is mobile in acid soils and is readily taken up by plants 
(Kabata-Pendias and Pendias, 1984) 

concentrations of 1% (10,000 ppm) Ba in plants may be highly 
phytotoxic (Kabata-Pendias and Pendias, 1984) 

500 ppm Ba in tissue reduced growth of barley (Davis et al,, 
1978) 
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the Phytotoxicology Section has not established an "upper 
limit of normal" guideline for Ba in Ontario soils 

Bowen (1979) gives a mean level for Ba in world soils of 500 
ppra, with a range of 100 - 3000 ppm 

in view of the relatively high concentrations of Ba in 
plants and soils, and the lack of information about its 
physiological effects, more research on this relatively 
inert element is required (Peterson and Girling, 1981) 

Anderson et al. (1983) suggest a maximum soil Ba level of 
450 ppm on closure of hazardous waste land treatment sites 

the Dutch government (Moen et al . , 1985) has adopted soil 
clean-up guidelines for Ba of from 400 to 2000 ppm 

Recommendation: soil Ba concentrations should be < 1000 ppm for 

residential redevelopment and < 2000 ppm for 
industrial redevelopment. 



3.3 Baryllium (Be) 



Be is not known to be essential to mammals (Bowen, 1979), 
and apparently is not essential to plants {Kabata-Pendias 
and Pendias, 1984) 

Be is potentially phytotoxic, particularly in acid soils 
(Peterson and Girling, 1981) 

toxic concentrations of Be in plants generally range from 10 
to 50 ppm, while 2 to 16 ppm Be in solution may be highly 
phytotoxic (Kabata-Pendias and Pendias, 1984) 

only 0.6 ppm Be in tissue reduced growth of barley (Davis et 
al., 1978) 

there is no evidence that existing levels of Be in food 
plants pose a health risk to man, but more data are needed 
(Kabata-Pendias and Pendias, 1984) 

the Phytotoxicology Section has not established an "upper 
limit of normal" guideline for Be in Ontario soils 

Bowen (1979) gives a mean level for Be in world soils of 0.3 
ppm, with a range of 0.01 - 40 ppm 
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Anderson et al. (1983) reconunend a maximxnn soil Be level of 
50 ppm at closure of hazardous waste land treatment sites 



Recoimiandatlon : 



soil Be concAntratlons should be < 5 ppm for 
residential redevelopment and < 10 ppm for 
industrial redevelopment. 



3.4 Vanadium (V) 



V is essential to animals, man and at least some plants 
(Bowen, 1979) 

concentrations of soluble (available) V ranging from 10 to 
140 ppm are reportedly phytotoxic under experimental 
conditions {Peterson and Girling, 1981) 

however, there are no reports of V phytotoxicity in the 
field (Kabata-Pendias and Pendias, 1984) 

V added at a rate of 50 - 100 ppm to conifer forest soils 
reduced acid phosphatase activity {Peterson and Girling, 
1981) 

pronounced differences in V content among plants have been 
reported, which may reflect both analytical difficulties and 
pollution (Kabata-Pendias and Pendias, 1984) 

2 ppm V in tissue reduced growth of barley (Davis et al., 
1978) 

the Phytotoxicology Section "upper limit of normal" 
guideline for V in urban Ontario surface soils is 70 ppm 
(MOE, 1989a) 

Bowen (1979) gives a mean level for V in world soils of 90 
ppm, with a range of 3 - 500 ppm 

further studies into the environmental behaviour of V are 
warranted (Peterson and Girling, 1981) 

Anderson et al . (1983) recommend a maximum soil V level of 
500 ppm on closure of hazardous waste land treatment sites 



Etocommendation : 



soil V concent rations should be < 250 pjna for 
both residential and industrial redevelopment. 



24 



5 REFERENCES 



1. Anderson, D.C., Smith, C, Jones, S.G. and Brown, K.W. (1983). 

Fate of constituents in the soil environment. In: Hazardous 
Waste Land Treatment. Brown, K.W., Evans, G.B. And Frentrup, 
B.D. (eds.), Butterworth Publ., Woburn, Maine, p. 183. 

2. Anderson, R.J., Meyer, D.R. and Mayer, F.K. {1973). Heavy metal 

toxicities: levels of nickel, cobalt and chromium in the soil and 
plants associated with visual symptoms and variation in growth of 
an oat crop. Aust. J. Agric . Res. 24:557. 

3. Bartlett, R.J. and Kimble, J.M. (1976). Behavior of chromium in 

soils. I. Trivalent forms. II. Hexavalent forms. J. Environ. 
Qual. 5:379 and 383. 

4. Bashor, B.S. and Turri, P. A. (1986). A method for determining an 

allowable concentration of mercury in soil. Arch. Environ. 
Contam. Toxicol. 15:435. 

5. Bates, T.E. (1986) Personal Communication. 

6. Bernstein, L. (1975). Effects of salinity and sodicity on plant 

growth. Ann. Rev. Phytopath. 13:295. 

7. Bowen, H.J.M. (1979). Environmental Chemistry of the Elements. 

Academic Press, London. 

8. Brady, N.C. (1974). The Nature and Properties of Soils. 
Macmillan, New York. 

9. Brooks, R.R. (1972). Geobotany and Biogeochemistry in Mineral 

Exploration. Harper and Row, New York. 

10. Brown, K. W., Deuel, L.E. Jr. and Thomas, J.C. (1985). 
Distribution of inorganic constituents in soil following land 
treatment of refinery wastes. Water, Air and Soil Pollut . 
25:285. 

11. Chaney, R.L. (1982). Fate of toxic substances in sludge applied 

to cropland. In: Proceedings of an International Symposium on 
Land Application of Sewage Sludge. Tokyo, Japan. 

12. Chappell, W. and Peterson, K. (eds . j (1977). Molybdenum in the 

Environment. Marcel Dekker, New York. 

13. Collins, J.C. (1981). Zinc. In: Effect of Heavy Metal Pollution 

on Plants - Vol 1: Effect of Trace Metals on Plant Function. 
Lepp, N.W. (ed.). Applied Science Publ., London, p. 145. 



25 



14. Davis, R.D., Beckett, P.H.T. and Wollan, E. (1978). Critical 

levels of twenty potentially toxic elements in young spring 
barley. Plant and Soil 49:395. 

15. Emerson, R.N. (1983). Oil Effects on Terrestrial Plants and 

Soils: A Review. ARE Report No. 108-83-Phyto, Ontario Ministry 
of the Environment, Toronto. 

16. Fuller, W.H. and Warrick, A.W, (1985). Soils in Waste Treatment 

and Utilization - Vol. I: Land Treatment. CRC Press, Boca Raton, 
Florida. 

17. Jacobs, L.W., Keeney, D.R. and Walsh, L.M. (1970). Arsenic 

residue toxicity to vegetable crops grown on Plainfield sand. 
Agron. J. 62:588. 

18. Jaworski, J. (1979). Effects of Lead in the Environment - 1978: 

Quantitative Aspects. NRCC, Ottawa. 

19. John, M.K, (1972). Lead availability related to soil properties 

and extractable lead. J. Environ. Qual. 1:295. 

20. Kabata-Pendias, A. and Pendias, H. (1984). Trace Elements in Soils 

and Plants. CRC Press, Boca Raton, Florida. 

21. Kirkpatrick, D.C.(1981). Health and Welfare Canada. Personal 

communication . 

22. Lahouti, M. and Peterson, P.J. (1979). Chromium accumulation and 

distribution in crop plants. J. Sci. Food Agric. 30:136. 

23. Lindsay, W.L. (1972). Inorganic phase equilibria of micronutrients 

in soils. In: Micronutrients in Agriculture. Mortvedt, J. J., 
Giordano, P.M. and Lindsay, W.L., (eds . ) , Soil Science Society of 
America, Madison, Wise, p. 41. 

24. Marier, J.R. and Jaworski, J.F. (1983). Interactions of Selenium. 

NRC (Canada) , Associate Committee on Scientific Criteria for 
Environmental Quality, Ottawa. 

25. Moen, J.E.T., Cornet, J. P. and Evers, C.W.A. (1985). Soil 
protection and remedial actions: criteria for decision making and 
standardization of requirements. In: Proc. 1st. Intern. TNG Conf . 
on Contaminated Soil - Nov. 11-15, Utrecht, Netherlands. Assink, 
J.W. and Van Den Brink, W.J. (eds.), p. 441. 

26. Monenco Ontario Ltd. {1984a). Clean-up Criteria-Oakville Refinery. 

Prepared for Shell Canada Limited. 

27. Monenco Ontario Ltd. (1984b). Clean-up Criteria for the Oakville 

Refinery Site - Additional Information. Prepared for Shell Canada 

Limited. 

26 



28. Murphy, L.S. and Walsh, L.M. (1972). Correction of micronutrient 

deficiencies with fertilizers. In: Micronutrients in Agriculture. 
Mortvedt, J.J., Giordano, P.M. and Lindsay, W.L. (eds . ) , Soil 
Science Society of America, Madison, Wise., p. 347. 

29. National Academy of Sciences (NAS) <1974). Chromium. Medical and 

Biologic Effects of Environmental Pollutants. Committee on 
Biologic Effects of Atmospheric Pollutants, NAS, Washington, D.C, 

30. National Academy of Sciences (NAS) (1977). Arsenic. Medical and 

Biologic Effects of Environmental Pollutants. Committee on 
Biologic Effects of Atmospheric Pollutants, NAS, Washington, D.C. 

31. National Academy of Sciences (NAS) (1980). Mineral Tolerances of 

Domestic Animals. National Research Council (U.S.), NAS, 
Washington, D.C. 

32. National Research Council of Canada (NRCC) (1976). Effects of 

Chromium in the Canadian Environment . Associate Committee on 
Scientific Criteria for Environmental Quality, NRCC, Ottawa. 

33. National Research Council of Canada (NRCC) (1978) . Effects of 

Arsenic in the Canadian Environment . Associate Committee on 
Scientific Criteria for Environmental Quality, NRCC, Ottawa. 

34. National Research Council of Canada (NRCC) (1984). Chromium Update 

1984. Associate Committee on Scientific Criteria for 
Environmental Quality, NRCC, Ottawa. 

35. Ontario Ministries of Agriculture and Food, Environment, and 

Health (OMAF, MOE, MOH) (1986). Guidelines for Sewage Sludge 
Utilization on Agricultural Lands (revised) . 

36. Ontario Ministry of the Environment (MOE) (1989a) . Ontario 
Ministry of the Environment "Upper Limit of Normal" Contaminant 
Guidelines for Phytotoxicology Samples. Phytotoxicology Section, 
Air Resources Branch; Technical Support Sections, NE and NW 
Regions. ARB-138-88-Phyto . ISBN: 0-7729-5143-8. 

37. Ontario Ministry of the Environment (MOE) (1989b). Guidelines for 

the Decommissioning and Cleanup of Sites in Ontario. Waste 

Management Branch . 

« 

38. Page, A.L., Bingham, F.T. and Nelson, C. (1972), Cadmium 
adsorption and growth of various plant species as influenced by 
solution cadmium concentration. J. Environ. Qual . 1:288. 

39. Parker, C.F. and Sommers, L.E. 1983. Mineralization of nitrogen in 

sewage sludge. J. Environ. Qual. 12:150. 



27 



40. Peterson, P.J., Benson, L.M. and Zieve, R. (1981). Metalloids. 

In: Effect of Heavy Metal Pollution on Plants - Vol. 1: Effects 
of Trace Metals on Plant Function. Lepp, N.W. (ed,), Applied 
Science Publ., London, p. 279. 

41. Peterson, P.J. and Girling, C.A. (1981). Other Trace Metals. In: 

Effects of Heavy Metal Pollution on Plants - Vol 1: Effects of 
Trace Metals on Plant Function. Lepp, N.W. (ed.), Applied Science 
Publ . , London, p. 213. 



42. Richards, L.A. (ed.) 
and Alkali Soils. 
Handbook No. 60. 



(1954) . Diagnosis and Improvement of Saline 
United States Department of Agriculture 



43. The Royal Society of Canada (1986). Lead in the Canadian 
Environment: Science and Regulation. Final Report, The Commission 
on Lead in the Environment. 

44. Smith, M.A. (1981). Redevelopment of Contaminated Land: Tentative 

Guidelines for Acceptable Levels of Selected Elements in Soils. 
Document ICRCL 38/80 (R) , Central Directorate on Environmental 
Pollution, Dep't. of the Environment, U.K. 

45. Thornton, I. (1981). Geochemical aspects of the distribution and 

forms of heavy metals in soils. In: Effects of Heavy Metal 
Pollution on Plants - Vol. 2: Metals in the Environment. Lepp, 
N.W. (ed.), Applied Science Publ . , London, p.l. 

46. Telle, D. and Arthur, M. (1983). Microcosm/field comparison of 

trace element uptake in crops grown in fly ash-amended soil. 
Sci. Tot. Environ, 31:243. 

47. Toronto Department of Public Health (1983). Report on Lead Week. 

Prepared for the Local Board of Health. 

48. Turner, M.A. and Rust, R.H. (1971). Effects of chromium on growth 

and mineral nutrition of soybeans. Soil Sci. Soc. Amer. Proc. 
35:755. 



49. Underwood, E.J. (1971). Trace Elements in Human 
Nutrition. Third Edition. Academic Press, New York. 



and Animal 



50. U.S. EPA, FDA and Department of Agriculture (1981). Land 
Application of Municipal Sewage Sludge for the Production of 
Fruits and Vegetables. A Statement of Federal Policy and 
Guidelines . 

51. Walsh, L.M. and Keeney, D.R. (1975). Behaviour and phytotoxicity 

of inorganic arsenicals in soil. In: Arsenical Pesticides. 
Woolson, E.A. (ed.), American Chem. Soc. Symp . Vol, 7, A.C.S., 
Washington, p. 35. 



28 



52. Woolson, E.A. (1973). Arsenic phytotoxicity and uptake in six 

vegetable crops. Weed Sci. 21:524. 

53. Zimdahl, R.L. (1976). Entry and movement in vegetation of lead 

derived from air and soil sources, J.A.P.C.A. 26:655. 



29 



6 TABLES 

Tabla 1 ; Cl«an-'up Guid»lln«B for Soila 



Parunatar^ 






Crltarla for Proposed Land U««*'° 
Rasldentlal/Parkland/ Comimrclal/Xnduatrlal 

Agricultural" 





Itodium t 


Coaraa 


Madiua C 


Coaraa 




Fin* 


Taxturad 


rina 


Taxturad 




Taxturad 


Soils* 


Taxturad 


Sella* 




Soils 




Soila 




pH (recommended range) 


6-8 


6-8 


6-8 


6-8 


EC (mS/cm)" 


2 


2 


4 


4 


SAR' 


5 


5 


12 


12 


Arsenic 


25 


20 


50 


40 


Cadmium 


4« 


3-' 


8" 


6" 


Chromium (VI) 


10 


@ 


10 


6 


Chromium (total) 


1000 


750 


1000 


750 


Cobalt 


50 


40 


100 


80 


Copper 


200" 


ISO" 


300 


225 


Lead 


500*^ 


375'^ 


1000-* 


750" 


Mercury 


11 


0.8" 


2" 


1.5" 


Molybdenum 


5" 


5.2 


40 


40 


NicJtel 


200 


150 


200 


150 


Nitrogen (%) 


0.5' 


0.5' 


0.6' 


0.6' 


Oil and Grease (%) 


1* 


1' 


1» 


1' 


Selenium 


2" 


2" 


10 


10 


Silver 


25 


20 


50 


40 


Zinc 


800 


600 


800 


€00 



Clean-up guidelines recommended by the Phytotoxicology Section, Air Resources Branch, 
Ministry of the Environment. The guidelines are based primarily on phytotoxlcity, 
except for (a'), based on human health, and (a'), based on health of grazing animals. 

All units are in ppm (Ug/g) , dry weight, unless otherwise stated. 

For comparison with these guidelines, analyses for metals and metalloids must be 
conducted using an approved strong, mixed-acid digestion procedure. Contact the 
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d. 

e. 

f. 



i. 



Laboratory Services Branch of MOE if in doubt about acceptable methods. 

Guidelines have been endorsed by the OMAF/MOE/HOH Sludge and Haste Utilization 
Coironittee. 

Defined as greater than 70% sand and less than 17* organic matter. 

If N levels exceed the guidelines, the mineralization potential of the soils should be 
evaluated. Additions of N-based fertilizer may be counter-productive. 

Guideline given la for fresh oil; for weathered oii (ndn. 2 yr. exposed on site), the 
guideline is 2%. 

EC = electrical conductivity (saturation extract), 

SAR - sodium adsorption ratio 



T«bl« 2 : Provisional Cl^an-up Guld»lln«« for Soll» 



ParaiiMt*z^ 



Antimony 

Barium 

Beryllium 

Vanadium 



Criteria for Proposed Land Uae**' 
Realdential/Parkland/ Conm»rolal/Induatrlal 
Agricultural* 



Itedlum & 


Coarse 


Medium £ 


Coarse 


Fine 


Textured 


Fine 


Textured 


Textured 


Soils' 


Textured 


Soils' 


Soils 




Soils 




25 


20 


50 


40 


1000 


750 


2000 


1500 


5 


4 


10 


8 



250 



200 



250 



200 



e. 
d. 



These guidelines are tentative; actual permissible levels contaminants may vary 
according to site-specific circumstances. Further information on the application of 
these guidelines may be obtained from the Phytotoxicology Section of the Air Resources 
Branch, Ministry of the Environment. 

All units are In ppm (ug/g) , dry weight. 

For comparison with these guidelines, analyses must be conducted using an approved 
strong, mixed-acid digestion procedure. Contact the Laboratory Services Branch of MOE 
If in doubt about acceptable methods, 



These provisional guidelines apply to soil of minimum pH 6, 

Guidelines have been endorsed by the OMAF/MOE/MOH Sli 
Committee, 

Defined as greater than 70% sand and less than 17* organic matter. 



Guidelines have been endorsed by the OMAF/MOE/MOH Sludge and Waste Utilization 
Committee' . 
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7 APPENDICES 

Appendix 1: Definition of "Guidalinq" and "Provisionaa Guideline" 

A "guideline" in use by the Ontario Ministry of the Environment 
represents a value developed for application in abatement action, site 
restoration or the granting of conditional Certificates of Approval. 
A guideline is less enforceable than a "standard" in that the latter 
is approved by Cabinet and is officially published in the Ontario 
Gazette, In any appeal action of a Director's Order, or denial of a 
Certificate of Approval, the applicability of a guideline may be 
questioned, whereas a standard is not open to question. 

A "provisional guideline" has the same general applicability as a 
guideline, but due to a lack of definitive data, is regarded as having 
a less sound basis and is therefore somewhat less defensible. As in 
the case of a guideline, in any appeal action, the applicability of a 
provisional guideline may be questioned. 



Appendix 2 : Interactive Effects of Contaminanta in Soil 

The question of interactive effects of contaminants in soil, with 
regard to phytotoxicity, is extremely complex. Limited studies that 
have been conducted on interactions between two or three substances in 
soil have demonstrated that such effects may be antagonistic (e.g. the 
role of soil phosphorus in reducing lead uptake by plants), additive 
(e.g. the phytotoxicity of Cu, Ni and Zn to barley) or synergistic 
(more than additive) (e.g. the phytotoxicity of Cd and Pb) . However, 
there are many variables that determine the nature and extent of such 
interactions, including plant species, soil type, pH, fertility 
status and both relative and absolute concentrations of the 
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contaminants <e.g. the toxic effects of Cu and 2n in barley, though 
normally additive, are antagonistic when tissue concentrations of both 
are above their critical levels) . 

The complexity of the possible interactions increases greatly when 
many contaminants co-exist. It is therefore impractical, if not 
impossible, to conduct meaningful studies on the nature of these very 
complex interactions in soil and plants. In any event, application of 
results from such studies would be restricted to a very specific range 
of conditions, and development and enforcement of guidelines based on 
potential interactions would pose an enormous logistical problem. 

All this is not to say that the question of contaminant interactions 
should be completely ignored in determining clean-up action. Although 
there are insufficient conclusive experimental data at present to 
justify establishing additional clean-up levels for any one 
contaminant based on the concentration of other contaminants, the 
possibility of additive and synergistic interactions should always be 
considered by the regulatory agency. For example, it might be deemed 
inadvisable to allow the presence of a large number of contaminants 
together on a site at concentrations at or near the clean-up levels, 
particularly where there is evidence of synergism for some of the 
contaminants in question. However, it is stressed that this can only 
be addressed on a site-specific basis. In reality, due to the 
generally conservative nature of the guideline setting process, 
interactive effects are not likely to be significant, in terms of 
phytotoxicity, at soil concentrations below the recommended clean-up 
levels . 
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